Background: Staphylococcal protein A (SPA) is a protein of Staphylococcus aureus. Up to now, there have been many studies on the biological activities of SPA. Some reported effects of SPA pretreatment on septic shock in mouse models but there is no study which reports the role of SPA pretreatment on the infected incision. Methods: According to count results, bacterial suspension was set at a density of~1.8 Â 10 9 colony forming units/mL. BALB/c mice were anesthetized via intraperitoneal injection with pentobarbital sodium. A longitudinal skin incision was made on the medial side of the right thigh. The length of the incision was 5 mm, and the depth was~3 mm. The bacterial suspension was gradually dripped and embrocated onto the incision surface to make the wound infection model. Before making the wound infection model for 48 hours and 24 hours, mice were retreated with SPA via intraperitoneal injection. Rats were intraperitoneally injected with SPA 1 mg/kg and the control group was injected with sterile saline to evaluate the biological safety of the best pretreatment dose. Results: A 1-mL bacterial suspension can be utilized to make the wound infection model of BALB/c mouse lower limb. SPA pretreatment can reduce the inflammatory reactions in wound methicillin-resistant Staphylococcus aureus infection mouse model and the best pretreatment dose is 1 mg/kg. Intraperitoneal injection 1 mg/kg SPA does not destroy the functions of the organs. A 1-mg/kg SPA pretreatment can also reduce the inflammatory reactions in wound various bacterial infection mouse models. Conclusion: SPA pretreatment can effectively decrease the infected severity of a wound infected by various bacteria in a BALB/c mouse model. The best pretreatment dose is 1 mg/kg, and this dose does not damage organ function in rats up to a point.
Introduction
Staphylococcal protein A (SPA) is a protein in Staphylococcus aureus.
1e3 It can form precipitation with highly diluted immune sera from an animal inoculated with S. aureus or SPA. 4 At present, most species of coagulase-positive S. aureus have SPA, whereas few species of coagulase-negative S. aureus have SPA. 5, 6 Low doses of SPA can cause an allergic reaction and high doses can cause bleeding and arthus reaction. 7 However, SPA can activate the complement. When the body is infected with S. aureus, SPA can combine with IgG to activate the complement to localize the infection. 4, 8, 9 SPA has further important capabilities, including: (1) inhibiting the phagocytosis of macrophages; 10 (2) activating B cells with T cells; 11, 12 and (3) inducing B cells to synthesize and secrete polygonal antibody. 11 As an immunomodulator, a low dose SPA pretreatment can adjust the body immune system response. When the body is infected after SPA pretreatment, the body can therefore respond quickly. Along with the study of the effects of SPA on the immune system, some Conflicts of interest: The authors declare that they have no conflicts of interest related to the subject matter or materials discussed in this article.
reports have presented that SPA pretreatment can protect mice from a lethal infection of S. aureus. 13 However, no published research currently exists regarding SPA pretreatment on the infected incision. Our study is based on a BALB/c mice infected incision model, exploring SPA pretreatment with different doses on an incision infected by methicillin-resistant S. aureus (MRSA), assessing the bio-safety of the best pretreatment dose, and analyzing the effects of SPA pretreatment on the incision infected by different bacteria.
Methods

Bacteria
Methicillin-sensitive S. aureus (MSSA) strain ATCC 25923, MRSA strain ATCC 33591, Pseudomonas aeruginosa strain ATCC 27853, and Escherichia coli strain ATCC 25922 were all from American Type Culture Collection (Manassas, VA, USA).
Mice and rats
Adult BALB/c mice (20 g) and adult Wistar rats (200 g) were obtained from the Charles River Laboratories (Beijing, China). All procedures were performed in accordance with the guiding principles in the Care and Use of Animals and approved by the Capital Medical University Committee on the Use of Animals in Research and Education. Animals were separately housed in plastic cages in a room maintained at 23. 6 C and 35% humidity with 12-hour light/dark cycles (light on at 07:00 AM). Each animal was used only once and fed a standard chow diet with unrestricted water intake. Experiments were conducted in an ABSL-2 laboratory and at the end of the experiments, the animals were anesthetized using pentobarbital sodium and then euthanized.
Reagents
Recombinant SPA was from the Sino Biological Inc. in Beijing China, product number: 10600-P07E. ELISA kits for the detection of IL-1b, IL-6, IL-10, and TNF-a were from the Dakewe Bioengineering Company in Beijing, China.
Preparation of bacteria suspension
Bacteria were cultured in Trypticase soy broth (Beijing, China) which was conducted in an incubator at 37 C in a 95% humidified atmosphere and 5% CO 2 . Then, 0.2 mL bacterial culture solution was diluted 1:10 into sterile saline (Biosntech Company. Beijing, China) and measured the optical density (OD) value at 600 nm of the diluted solution every 1 hour. The growth of bacteria was in the exponential phase when the OD value was rapidly increasing. 14, 15 Then, the bacteria were segmented (4 C, 6 Â 10 3 r/min 15 min), washed, and suspended in sterile saline. A 0.2-mL suspension was diluted 1:10 4 into sterile saline. To 0.2 mL of the diluted suspension 0.4 mL 0.4% trypsin blue solution was added and mixed well to stain for 2 minutes. A 2-mL sample of the stained solution was flowed into the cell counter. According to the count results, bacterial suspension was set at a density of 1.8 Â 10 9 CFU/mL.
The incision infection model
BALB/c mice were randomly distributed into 13 groups, and each group consisted of 12 male. Mice of the control group received incisions made at the medial side of the right thigh without bacteria suspension dripped onto the surface. Mice of the other groups received the bacterial suspension gradually dripped onto the surface of the incision and embrocated with a sterile bacterial inoculation needle after the incision was made. 16 The volume of the bacteria suspension used was 1 mL, 0.5 mL, or 0.25 mL at a concentration with 1.8 Â 10
9 CFU/mL. The length of the incision was 5 mm and the depth was~3 mm. We did not cut the deep fascia, and the bacterial suspension did not overflow the incision.
SPA pretreatment
Once again, the mice were randomly distributed into 20 groups and each group was 12 male. Mice of the control group received incision infection without SPA pretreatment. Mice of the other group received SPA intraperitoneally injected before the incision infection was made. The dose of SPA used 0.5 mg/ kg/time, 1 mg/kg/time, 1.5 mg/kg/time, or 2 mg/kg/time. SPA was injected at 48 hours and 24 hours before making the incision infection model. A digital thermometer (Shenzhen Life Technologies Corporation, Shenzhen, China) was used to measure rectal temperature and was adjusted to rectal probe to minimize the stress response 2e5 days before the experiment. The mice were gently handled and removed from their cages 10 times daily for 20 minutes every time. The probe was inserted 2 cm into the rectum. Each measurement value recorded was a mean of six, and the temperature was measured at 09:00 AM.
Assess the biological safety of the best pretreatment dose
Rats were randomly distributed into two groups, with each group consisting of 20.5 male. Rats of the control group received sterile saline intraperitoneally injected, and the other group received 1 mg/kg SPA intraperitoneally injected.
Statistical analysis
All data are expressed as means ± standard deviation (SD) and results were subjected to statistical analysis using analysis of variance (ANOVA) for repeated measurements or one-way ANOVA. Values of p < 0.05 were considered significant.
Results
The incision infection model
A 0.5-mL MSSA, MRSA, P. aeruginosa, or E. coli suspension could make the incision red and swell. A 0.25-mL suspension could not make the entire incision red. A 1-mL suspension was difficult to control and not overflow the incision (Table 1) . These results reproduced our previous findings and suggest that 0.5 mL MSSA, MRSA, P. aeruginosa, or E. coli bacteria suspension could produce a stable incision infection model.
SPA pretreatment on incision infection model
SPA pretreatment can effectively reduce the increased amplitude of temperature, white blood cells, blood granulocyte, blood lymphocytes, serum IL-1b, serum IL-6, serum IL-10, and serum TNF-a in mice infected by MSSA, MRSA, P. aeruginosa, or E. coli (Figs. 1e4 and Tables 2 and 3) . A 1-mg/kg/time SPA pretreatment could be more effective in reducing the increased amplitude of these observation indicators than 0.5 mg/kg/time, 1.5 mg/kg/time, and 2 mg/kg/time in mice infected by MSSA, MRSA, P. aeruginosa, or E. coli.
Biological safety of the best pretreatment dose
Rat biochemistry included total cholesterol, calcium, amylase, alanine aminotransferase, alkaline phosphatase, and Table 2 The white blood cells, granulocyte, lymphocytes, and cytokines in different MRSA infected pretreatment groups. Cut ¼ incision only; saline ¼ sterile saline pretreatment; MRSA ¼ methicillin-resistant Staphylococcus aureus; SPA ¼ staphylococcal protein A; SPA 0.5 ¼ SPA 0.5 mg/kg pretreatment; SPA 1 ¼ SPA 1 mg/kg pretreatment; SPA 1.5 ¼ SPA 1.5 mg/kg pretreatment; SPA2 ¼ SPA 2 mg/kg pretreatment. Table 3 The white blood cells, granulocyte, lymphocytes, and cytokines in different bacteria infected groups with SPA 1 mg/kg pretreated. 
White blood cells albumin, aspartate transaminase, creatine kinase, glutamyl transpeptidase, creatinine, glucose, phosphate and total bilirubin, total protein, and urea. A 1-mg/kg SPA pretreatment did not cause these indicators to be abnormal. A 1-mg/kg SPA pretreatment could increase the rat temperature, white blood cells, blood granulocyte, blood lymphocytes, serum IL-1b, serum IL-6, serum IL-10, and serum TNF-a, and these indicators returned to normal in 24 hours (Figs. 5 and 6 ).
Liver tissues of rats pretreated by 1 mg/kg SPA were observed under the microscope and there was no damaged organizational structure.
In all the experiments, the position at which SPA was injected did not appear to have signs of infection at any time.
Discussion
SPA is a surface protein on most S. aureus strains, and can bind to various host-derived proteins, including the Fc and VH3 domains of immunoglobulins, von Willebrand factor, complement C3, epidermal growth factor receptor, and TNF-a receptor 1. Thus, SPA can potentially modulate the host immune system. Depending on its binding partner and responding cell type in a host, SPA can act as either a proinflammatory or antiinflammatory molecule.
Surgical site infection (SSI) is a common complication after surgery. It immediately influences the curative effect of the operation. Bacteria will form a biofilm on the internal fixation plate, which is utilized during most of the orthopedic surgeries. The biofilm can resist the body immune system and antibiotics. 17, 18 Ways to improve cleaning of the bacteria and reduce the biofilm formed continues to be investigated. In recent years, one study reported that SPA can enhance the ability of the body's immune system to resist sepsis and reduce mortality due to infection shock. 6, 7 However, the further molecular mechanism involved remains unresolved and continues to generate discussion. In our study we assessed the SPA pretreatment on the incision infection mouse model and selected the best pretreatment dose. On the one hand, we explored the possibility that SPA can alleviate the inflammation of incision infection mouse to possibly reduce SSI; on the other hand, we undertook a further study to find the exact mechanism of SPA on the body immune system to provide a hypothesis.
The medial soft tissue of the thigh was thicker compared with the other site that was considered, and the local anatomical structure was clear. The incision which we chose can make the incision infection model easily established and standard. Bacteria suspension can be flowed via the space between the muscles to diffuse if the fascia was cut. However, we did not cut the fascia to make the bacteria only infect the incision surface, and not diffuse the other site. Under clinical conditions, the source of bacteria of SSI is customarily from the air. Essentially, the bacteria drops onto the incision surface which initiates the SSI process. Therefore, our goal was to simulate that manner of infection.
In our experiment, a low dose of SPA can alleviate inflammation by detecting the body's temperature, white blood cells, granulocyte, lymphocyte, serum cytokines, and wound tissue biopsy. Once bacteria invade, the immune response was rapidly activated, and lymphocytes rapidly proliferate and differentiate. Soon thereafter, the bacteria will be cleared quickly.
We found that 1 mg/kg/time SPA pretreatment has the best protection effect compared with the other doses. This indicates that the spectrum of treatment of SPA is narrow, in part because SPA is toxic to the body. Overall, the SPA treatment mechanism is complicated and comprehensive. However, we think that SPA can activate some receptors. The activation effects have a dose dependent relationship. The dose below the threshold value may fail to activate the immune system and be clear. Alternatively, the dose that exceeds the threshold value could cause harm. However, this hypothesis needs to be proven by further research.
In conclusion, the findings of this study suggest that SPA pretreatment can effectively reduce the severity of the infected incision of MRSA, MSSA, P. aeruginosa, or E. coli infection. The best dose of SPA pretreatment is 1 mg/kg, which is a dosage that, up to a point, does not damage the function of the organs in Wistar rats. 
